ABSTRACT An electrophoretic study of 23 allozyme loci in 15 populations of the predaceous ladybird beetle Coleomegilla maculata (De Geer) revealed extensive genetic polymorphism occurring as low-frequency allelic variation averaging four alleles per locus. Although all loci except GOT-2 demonstrated variation, only 69% of the loci were polymorphic when the rare allele occurred at >5% frequency. The average observed population heterozygosity index demonstrates a north-south cline with higher allelic variation associated with both lower latitudes and corn-sorghum crop types. Nei's genetic distance values suggests high genetic identity among all populations, with some clustering based on geographic locale. We conclude this ladybird beetle is genetically very variable, and that some of this variation is maintained by selection.
RELATIVELY LITTLE RESEARCH has been reported for beetles of economic importance, and reports tend to concentrate on pest species. Few reports exist concerning the extent or nature of genetic variation as represented by allozyme variation in beneficial beetles. Liebherr (1986a; b) has studied genetic variation and cladistics of the Platynini, a North American carabid tribe. Most recently, Krafsur et al. (1992) have used allozyme variation to examine gene flow in the sevenspotted lady beetle, Coccinella septempunctata L. in European versus North American populations.
Studies of biochemical genetic variation in beneficial beetles may be used to map the arthropod genome, serve as markers to study fitness effects in differing environments, and serve to establish host race identities or at least give insight into questions of taxonomic importance. The research endeavors mentioned above could indirectly address questions associated with micro-or macroevolutionary processes.
The entomophagous ladybird beetle Coleomegilla maculata (De Geer) is an important predator of both the corn leaf aphid Rhopalosiphum maidis Fitch and the European corn borer, Ostrinia nubilalis (Hiibner) in American monocultures of corn and sorghum (Andow & Risch 1985) . It has been tested as a biological control agent on cucumbers (Gurney & Hussey 1970 Coleomagilla maculata is known to vary somewhat in markings and coloration, but unlike Adalia bipunctata studied by Creed (1966) , the genetics of this variation has not been investigated. We report here the first extensive study on allozyme variation in this species, and address the following three questions: (1) How genetically variable is this species? (2) Are there any patterns in genetic variation associated with geographic distribution? (3) What is the nature of population substructuring in this species? Answers to these questions give us insight into the population genetics and gene-environment interactions of this interesting and economically important predator. In general, the answers extend the evidence concerning the pervasiveness of evolutionary theory governing the behavior of genes in natural populations.
Materials and Methods
Coleomegilla maculata adults were collected by hand picking or by use of insect net sweeps at 15 localities in five states of the the Midwest in June and July from corn, sorghum, or alfalfa. One collection was made at the University of Missouri's South Farm agricultural experiment station in each year, 1985, 1986, and 1987 . All other samples were collected in 1986 or 1987 (Table 1) with a specific attempt to represent populations from diverse geographic areas and different crops. Samples were frozen immediately at -85°C until electrophoretic analysis was done. Details concerning each population may be found in Table 1 . Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1986 Year 1987 Year 1987 Year 1987 Year 1987 Year 1987 Electrophoretic procedures and equipment to display allozyme variation for genetic analyses were the same as described by Steiner & Joslyn (1979 Individual C. maculata were prepared by first dissecting each individual to determine sex and if hyperparasites were present. Individuals were homogenized in 15 ml of distilled water. The homogenates were subjected to electrophoresis and stained according to the procedures outlined by Steiner & Joslyn (1979) . Parasitized and unparasitized C. maculata were electrophoresed side-by-side to determine differences in electrophoretic profile. Parasitized specimens had extra bands for esterase and malate dehydrogenase enzymes. Voucher specimens will be deposited at the completion of a study examining genetic differences between C. maculata biotypes.
Gels were read using a background light source and photographed to make a permanent record. The resulting data were then subjected to genetic and statistical analyses. Gene frequencies were calculated from the observed numbers of genotypes, because allozyme systems are codominant genetic systems. The resulting gene frequencies are tabulated in the Appendix. Observed numbers of heterozygotes were used to calculate locus and population level heterozygosity values. Correlation coefficients and a rank sums test (Mann-Whitney) were calculated using the programs provided for the Texas Instrument-59 calculator with attached printer. The data were subjected to genetic distance analysis using Nei's (1978) method and Wright's (1965) F statistics to determine the extent of population genetic substructuring. Because all loci were not investigated in every population, a subset of 10 loci (PGM-1 and 2, HK-3, MDH-1 and 2, occurring in 12 populations (Table 3) provided the largest data subset for the Nei's estimate. The software program NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System) version 1.50 by F. James Rohlf (Exeter, New York, NY) was used to generate the dendrograms.
Here, we accept the proposition that the variants observed on starch gels are good genetic alleles from our own experience and because a multitude of studies now exist in the literature demonstrating this tenet and our own genetic crosses between specific allozyme isolines in the laboratory provide additional support. These studies also show evidence for fitness differences between some allozymes (W.W.M.S. & D. Davis, unpublished data).
We used the most commonly occurring allele at a locus in our reference population (South Farm 87) as our reference allele and assigned it the number 100. This allele thus serves as an internal reference on each gel once it is found to occur in each population studied. Slower migrating alleles at this locus are then assigned a lower number depending on how many millimeters (mm) they occur behind (cathodal to) the commonly occurring allele. Faster alleles are assigned higher numbers depending on how much faster they migrate in the electric field beyond (anodal to) the commonly occurring allele. Thus, for example, in Table 2 , alleles 96 and 98 at the 6-PGDH locus are 4 and 2 mm slower migrating, respectively, and are nearer the cathodal end of the gel. Allele 102 is found 2 mm nearer the anodal end of the gel than the most common allele, 6-pgdh 100 .
Results Table 1 lists the average observed population heterozygosity for the individual populations. Table 2 lists those allozyme loci and their alleles analyzed in this study along with locus heterozygosity. The allele frequencies of all polymorphic loci are listed in the Appendix. Most of the loci were segregating for two or more alleles, resulting in a high average of four alleles per locus. Only GOT-1 was monomorphic across all populations. Locus heterozygosity was not as high as expected from the high number of observed alleles ( Table 2 ). The average was 0.110 with a range from 0.00 to 0.352. The disparity between the two estimates suggests that most of the ob- served alleles occur at low frequency, an implication confirmed by examination of the allele frequencies.
Six loci demonstrated null (no activity) alleles on the starch gels, which were confirmed in the crossing studies (W.W.M.S. & D. Davis, unpublished data). These loci included PGM-1, . Null alleles are known to occur in many insects and have been studied extensively in Drosophila (Bell etal. 1972 , Bewley & Lucchesi 1977 , David et al. 1978 , Bentley et al. 1983 .
The heterozygosity values demonstrated a cline correlated to both latitude and to host crop from which the sample was drawn (Fig. 1) . Because crop plantings are latitudinally-related, and because latitudinal changes encompass a range of environmental parameters including temperature, hours of available daylight, humidity, and other factors, it is at best difficult to determine the basis for the correlation coefficient of -0.657 (df = 13, P < 0.05). The nature of the dual relationship is such that genetic variation is generally lower on crops found to the north (alfalfa and clover) and higher on crops found to the south (corn and sorghum). We do not know the extent to which the year collected confounds the heterozygosity-crop type correlation, but the correlation appears to hold across years because a 1986 northern collection on corn matches collections taken from southern populations on corn in 1987.
Nei's genetic distance estimates (Table 3) indicates that all populations are genetically very similar. The dendrogram generated from this data is found in Fig. 2 (Table 4) give a mixed picture of the mating and subdivision within the populations. The positive F ST values indicate some local subdivision is present within populations, and the range of F / s values suggest effective breeding sizes range from 2 to >30 individuals. Selection and random sampling effects probably influence these estimates.
Discussion
The subject of genetic variation in natural populations is widely treated in the modern scientific literature (Wagner & Selander 1974 , Frankel & Soule 1981 , Steiner et al. 1982 , Nevo et al. 1984 ; see also the past 20 yrs of any major genetics journal dealing with population genetics). It is thought such variation underlies selection theory, providing a descriptive parameter or tool useful in examining gene-gene and geneenvironment interactions (e.g., Dejong & Scharloo 1976 , Hoorn & Scharloo 1978 . Gene variation also provides genetic markers useful in gene mapping, defining genetic relationships, and predicting evolutionary age of a population (Nei 1978 , Mickevich & Mitter 1981 .
Is the level of variation observed for C. maculata typical for Coleoptera? Table 5 lists the results of other researchers on a range of beetles. It is clear that with a heterozygosity value of 11, C. maculata is on the low side but within the range observed for beetles. It is also clear that it has twice as many alleles per locus as the other beetles that have been studied. This could be a reflection of differences in observation or technique, but because of the congruence in heterozygosity values between studies, is more likely caused by the high number of lowfrequency alleles observed for C. maculata (Appendix) .
The observed cline in heterozygosity is significantly associated with latitude and host crop type (Fig. 1 ). Many such clines in genetic variability, using either the general heterozygosity statistic or heterozygosity at individual loci, have been reported in the literature in a wide array of species (reviewed by Steiner 1993). In many cases, the relationship is the same; that is, heterozygosity increases in southern latitudes as the equator is approached. Interestingly, evidence exists for a mirror situation south of the equator; there, Steiner et al. (1982) found heterozygosity Vol. 86, no. 3 increases in Anopheles mosquitoes as one proceeds toward northerly latitudes approaching the equator from the south. This has been variously attributed by different authors to either higher dispersal in northern habitats versus southern ones, to migration from central populations in the southern latitudes to colonize northern latitudes, or to selection differences along some gradient. With respect to the latter case, Slatkin (1987) has found that if extinction is higher in newly colonized areas, a lower population heterozygosity would make gene flow appear higher. Endler (1973) examined several models of gene flow and differentiation along environmental gradients and concludes the two may be independent. He suggests individual cases will require unique and in-depth investigation. Currently, we can rule out migration as the primary mechanism for maintaining genetic variability because C. maculata is thought to overwinter by aggregating at the base of plants or in leaf litter. Our data is consistent with the idea that selection plays an important role. The primary aphid host occurring on the hosts corn and sorghum is Rhopalosiphum maidis (Fitch). The plants may supply additional nutrition in the form of pollen. On alfalfa and clover, primary insect hosts may consist of different species of aphids and insect pest eggs. There is no clear evidence that pollen from these plants is used as a food source.
The magnitude and pattern of genetic variability described here are heuristic. The association between morphological variation and genetic variation in this beetle remains to be investigated. The differential effects of temperature, humidity, and host type on genetic background deserve attention. Finally, because C. maculata has economic importance as a biological control agent, we plan to investigate insecticide resistance and the role isozymes may play in physiological adaptation. 
Appendix
Allele frequencies for diflFerent polymorphic genes in C. maculata (see text for discussion and Tables 1 and 2 
